High resolution observations in the region of the lines Hα, He ii λ 4686 and Hγ of the spectrum of the symbiotic binary Z And were performed during its smallamplitude brightening at the end of 2002. The profiles of the hydrogen lines were double-peaked. These profiles give a reason to suppose that the lines can be emitted mainly by an optically thin accretion disc. The Hα line is strongly contaminated by the emission of the envelope, therefore for consideration of accretion disc properties we use the Hγ line. The Hα line had broad wings which are supposed to be determined mostly from radiation damping but high velocity stellar wind from the compact object in the system can also contribute to their appearance. The Hγ line had a broad emission component which is assumed to be emitted mainly from the inner part of the accretion disc. The line He ii λ 4686 had a broad emission component too, but it is supposed to appear in a region of a high velocity stellar wind. The outer radius of the accretion disc can be calculated from the shift between the peaks. 
INTRODUCTION
Symbiotic stars are interpreted as interacting binaries consisting of a cool giant of luminosity type III -II and a compact component accreting matter from the atmosphere of the giant. As a result of accretion the compact object undergoes multiple eruptions accompanied by intensive loss of mass. Symbiotic stars provide a good opportunity to study the processes of accretion and loss of mass which are spectroscopically observed and form multicomponent profiles of their spectral lines. The system Z And consists of a normal cool giant of spectral type M4.5 [1] , hot compact component with temperature higher than 10 5 K [2, 3] and extended circum-binary nebula formed by the winds of two components. The orbital period of this binary is 758.8 d , derived from both photometric [4] and radial velocity [5] data.
Z And has undergone several active phases (after 1915, 1939, 1960, 1984 and 2000) consisting of repeated optical brightenings with amplitudes up to 2-3 mag which are characterized by intensive loss of mass [3, [6] [7] [8] [9] [10] [11] [12] . The last active phase of Z And began at the end of August 2000 [13] and includes five optical brightenings. The second of them developed after August
2002, when the light began to rise after a deep minimum. The light reached its maximum in
November and after that gradually decreased reaching its quiescent value in the middle of 2003. Skopal et al. [10] analyzed the wings of the Hα line and concluded on this base that there was intensive loss of mass by the compact object during that brightening.
In our previous work [14] we analyzed the continuum emission of Z And during its 2002 brightening using multicolour photometric data. We concluded that the increase of the fluxes in the region UBV RJHKL was mainly due to the nebular emission. The energy distribution of the secondary component changed little (but not negligible), it remained a hot compact object as in the quiescent state of the system. To explain the line spectrum of the system during the major 2000 -2002 brightening a gas dynamic model was proposed where the high-velocity stellar wind of the compact object having appeared at that time collides with the accretion disc and an optically thick disc-like shell forms [11] . The two velocity mass outflow as well as the behavior of the line He ii λ 4686 during that brightening were interpreted in the framework of this model. An emission detail of the quiescent profile ** tomov@astro.bas.bg *** mtomova@astro.bas.bg **** bisikalo@inasan.rssi.ru of the line Hγ was interpreted as a component emitted by the accretion disc in the system.
During the growth of the light in the period September -November 2002 the emission line spectrum of the system had various features. The Hα and Hγ lines had double-peaked profile. The Hα line had broad wings extended to not less than ±2000 km s −1 from its center.
The lines Hγ and He ii λ 4686 had a broad emission component with a low intensity which indicated velocities up to more than 1000 km s −1 . This paper is devoted to an analysis of the line profiles of Z And during its brightening at the end of 2002. Our aim is to evaluate the parameters of the accretion disc, to conclude about the possible nature of the nebular formations surrounding the hot compact component at that time, and to examine the possibility the emission line spectrum to be explained in the framework of the same gas dynamic model.
OBSERVATIONS AND REDUCTION
High resolution data in the regions of the lines Hα, He ii λ 4686 and Hγ of the spectrum of the Z And system were obtained in 2002 with a Photometrics CCD camera mounted on the Coude spectrograph of the 2m RCC telescope of the National Astronomical Observatory Rozhen (Table 1 , Fig. 1 ). The spectral resolution was 0.2Å px −1 on all occasions.
The initial data reduction and calculation of the line fluxes was described in our previous work [11] . The continuum flux at the wavelength position of the Hα line was calculated using linear extrapolation of the V and R photometric fluxes taken on the same night or close nights. To calculate the fluxes of the spectra from September and October we used photometric data of Skopal et al. [16] . The fluxes of the spectra obtained in November were calculated on the basis of the photometric data for November 12, 2002 from our work Tomov et al. [14] . The BV fluxes were corrected for the strong emission lines of Z And in the same way as the quiescent data in the work Tomov et al. [9] because of the fact that the heights of these lines during the active phase were practically the same as those in the quiescence.
All the fluxes were corrected for the interstellar reddening of E(B − V ) = 0.30 using the extinction law of Seaton [17] .
As in our previous papers on Z And [9, 11, 14] we used an ephemeris In the quiescent state of the system the line Hα was of the nebular type, but had, in addition, broad wings extended to not less than ±2000 km s −1 from its center. It exceeded the local continuum by a factor of more than 100 at orbital phases close to 0.5 [11] . The width (FWHM) of the line was about 100-120 km s [11]. The view that the broad wings of the line in the quiescent state of the system are due to Raman scattering of Lyβ photons by atomic hydrogen is widely accepted [11, 19, 20] . Lee [19] , though, considered other theoretical possibilities for their appearance too. He noted that Raman scattering and radiation damping depend on the wavelength in the same way, and the latter also cannot be excluded.
During the growth of the light at the end of 2002 the line was double (Fig. 2) , it exceeded the local continuum by a factor of about 30 and its width increased by a factor of two. The dip between the two peaks had the same radial velocity at all times of observation.
Let us compare the Hα flux in December 2000 at the time of the light maximum of the first brightening [11] and in the light maximum in November 2002 ( Table 1 ). The two maxima are at close orbital phases -0.15 and 0.08. During the first brightening the emission measure of the circum-binary nebula was greater by a factor of two compared with the second brightening [9, 14] , which means that the quantity of the emitting gas has been greater by a factor of about two. We suppose close physical conditions in the nebula during these brightenings because, in the first place, the same mean electron temperature of 20 000 K [9, 14] was obtained. Moreover, the mean electron density during the first brightening will be higher only by a factor of √ 2 if the nebula has the same volume.
If all Hα photons left the nebula, the Hα flux during the first brightening would be greater by a factor at least of two. The Hα flux however, was approximately the sameabout (270 -290) × 10 −12 erg cm −2 s −1 in the two light maxima. This means that during the first brightening the optical depth in this line has been greater. When all photons leave the emission region of one nebular line its profile is very close to Gaussian. The more photons are absorbed, the more the line profile will differ from the Gaussian function and can become a double-peaked one. If we suppose that the double-peaked profile during the second brightening is due only to the optical depth it must be greater than the depth during the first one when the profile was not double-peaked. The contradiction can be removed if we suppose that the double-peaked profile is mainly due to kinematics of the gas -one possibility is an emission of an accretion disc. The same conclusion is obtained when treating the line Hγ.
If we suppose that the Hα line is emitted mainly by an accretion disc we must expect that the intensity of this line greatly increases during the brightening. The Hα emission in this case is a sum of the emission of the circum-binary nebula and the disc. The emission of the nebula can increase or at least will not decrease during the brightening. At the same time disc's emission must predominate over that of the nebula to determine the profile. To examine it we will compare the Hα flux with its quiescent value.
The intensity of the Balmer emission lines of Z And varies with the orbital phase [5, 11] and their flux during the brightening must be compared with the quiescent one at the same phase. We were not able to find erg cm −2 s −1 ( Table 2 ).
Let us calculate the outer radius of the line emission region in the disc from the shift between the two peaks. The shift was equal to 2.8 ± 0.2Å on November 12, 2002 at the time of the maximal light. To calculate the outer radius the orbit inclination is needed.
There are several observational evidences supporting a high orbit inclination of the system Z And. Rayleigh scattering of the hot radiation was detected in the spectrum of this system during its 1984 and 1985 outbursts [8] . According to Skopal [22] the far UV continuum is attenuated by Rayleigh scattering at orbital phases close to 0 even in the quiescent state and an inclination of 76
• was proposed on this base. The two-temperature type of the UV spectrum observed during the 2000 -2002 outburst can be interpreted supposing that the orbit inclination is rather high [10] . On the other hand Schmid & Schild [23] came to the conclusion that the inclination is rather low proposing 47
• ± 12
• obtained from their polarimetric orbit. Both points of view are motivated and we cannot reject either of them. We suppose also that the inclination can range from 47
• to 76
• . The results of our consideration do not depend strongly on this quantity and we will perform our calculations with both of its values keeping in mind that the actual inclination can be also inside their range. At a mass of the hot component of 0.6 M ⊙ [2, 23] for the outer radius of the emission region we obtain from 15 ± 2 R ⊙ to 26 ± 4 R ⊙ for orbit inclination of 47
• -76
• . This result supports our supposition, as it is in agreement with the theoretical models of discs resulted from accretion of the stellar wind [24] .
The intensity of the Hα wings increased during the growth of the light at the end of 2002.
Skopal [25] obtained synthetic profiles arising from an optically thin bipolar stellar wind from the hot components of the symbiotic stars and was able to make a fit of the observed Hα wings of a sample of ten symbiotic stars. According to him, however, the profile formed in the stellar wind is approximated by a function of the same type as that arising from Raman scattering. For this reason he concluded that it is not possible to distinguish between these two processes directly. Ikeda et al. [26] at all times of observations, which was close to the velocity of the dip of the Hα line (Fig. 4) .
Let us calculate the outer radius of the emission region of the line in the disc using the shift between the two peaks. This shift was equal to 1.4 ± 0.1Å on November 12 and with use of the parameters of the system adopted by us it gives an outer radius from 26 ± 3 R ⊙ to 46 ± 6 R ⊙ for orbit inclination of 47
• . This radius is in agreement with the theory of discs formed as a result of wind accretion like the size of the Hα region [24] . We obtained that the outer radius of the emission region of the Hγ line is greater than that of There is, however, an other possibility for the greater separation of the peaks of the line Hα more, which follows from the flow structure. This line is possible to be emitted at greater distance from the orbital plane, but more close to the axis of the disc, where the rotational velocity is greater. In this way it can be strongly contaminated by emission of the disc-like envelope surrounding the accretion disc. This envelope forms from the material ejected during the previous outburst and fallen back after its finish. The conservation of the angular momentum of the ejected material is responsible for its formation. Close to the axis of rotation the velocity is large enough to explain the greater width of the line Hα and the greater separation of its peaks compared to the line Hγ.
The broad component of the Hγ line was measured in the following way. The observed spectrum was corrected through removing several weak emission lines of Fe ii, O ii and N iii as well as the most intensive absorption lines of the giant. After that it was analyzed by fitting with a Gaussian function (Fig. 3) and its parameters obtained with this procedure are listed in Table 2 . The error of the equivalent width is not greater than 20 per cent depending on the noise of the different spectra.
To conclude about the nature of the gaseous environment where the broad component appeared we will treat different mechanisms of line broadening. One of them is the electron scattering. The total flux of the line, which is a sum of the fluxes of two components, is (19 -34) × 10 −12 erg cm −2 s −1 (Table 2 ). This gives emission measures of (1 -2) × 10
To calculate the radius of a spherical emitting volume, having this emission measure, the mean electron density is needed. Fernandez-Castro et al. [2] obtained a mean quiescent electron density of 10 10 cm −3 in the nebula of Z And. We assume that the mean electron density in the close vicinity of the compact object during the brightening is close to the quiescent electron density and will perform our calculations with the value 10 10 cm −3 . We come to the same conclusion, however, if we use lower densities too. We obtain a radius of (6 -8) An other possible mechanism the broad component to appear is to be emitted by an optically thin Keplerian accretion disc. The half width at zero intensity of the broad component on November 12 at the time of the light maximum was about 1020 km s −1 ( Table 2 ). The velocity, derived from the width at zero intensity of the line, is related to the movement at the inner boundary of the disc. This velocity, however, is on the line of sight. Taking into component whose width was much greater (Fig. 3) . The broad component was analyzed in the following way.
The observed spectrum was corrected with removal of several weak emission lines of O ii and the strongest absorption lines of the giant. Then it was fitted with a Gaussian function.
The parameters obtained with this procedure are presented in Table 2 . The error of the equivalent width ranges from 11 to 19 per cent depending on the noise of the individual spectrum.
The narrow central component of the line He ii λ 4686 was probably emitted in the ionized portion of the giant's wind and in that part of the disc's corona where the high velocity wind does not propagate as well.
As in the case of the line Hγ we must examine the possibility the broad component to be formed by electron scattering. The total flux of the line is (50 -77) × 10 −12 erg cm to great emission measures of (6 -10) × 10 59 (d/1.12 kpc) 2 cm −3 . This result differs from the previous one and we conclude on this base that the broad component is probably not determined by the electron scattering.
The red wing of the He ii λ 4686 broad component at all spectra is more extended than the blue one causing one general asymmetry in this line, which however, is absent in the Hγ broad component (see Fig. 3 ). This asymmetry give us a reason to suppose that the line He ii λ 4686 does not appear in an accretion disc but rather -in a region of a high velocity stellar wind. It is seen in Table 2 
MASS-LOSS RATE
The mass-loss rate of the hot compact companion was calculated with use of the energy flux of the broad component of the line He ii λ 4686 in the same way as in our previous work Tomov et al. [11] . It was supposed that the outflow has a spherical symmetry and a constant velocity. In our calculations we used a wind velocity based on the half width at zero intensity of the line from Table 2 . This velocity is actually an arithmetical mean of the velocities of the two wings. It was also supposed that the wind is fully transparent in this line. We adopted an electron temperature of 30 000 K in the wind and a distance to the system d = 1.12 kpc [2, 8] as in the case of the major brightening. The line is supposed to be emitted by a spherical layer and the radii of integration are need. The inner radius is the stellar radius. We calculated the mass-loss rate for the time November 12 at the light maximum since we had data for the stellar radius only for that time. We used the upper limit of the radius of 0.13 (d/1.12kpc) R ⊙ from the work of Tomov et al. [14] and so we can obtain the upper limit of the mass-loss rate. The outer radius of integration is equal to infinity. A recombination coefficient for case B [27] corresponding to temperature of 30 000 K and the density at the level of the photosphere was used. An upper limit of the rate of 1.8 The growth of the optical light of the system during the small-amplitude brightening was mainly due to the nebular emission [14] . If the accretion disc is mainly responsible for the Balmer lines its contribution in the nebular continuum of the system will be the greatest one and its emission will determine the optical maximum. The disc emission increases not only as a result of an additional input of mass but probably because of the growth of the Lyman luminosity of the ionizing source too. The supposition for a growth of this luminosity is supported by the following observational fact. The emission measure of the nebula increased by a factor of 2.5 ± 0.2 comparing to the quiescent state of the system [14] which means that the number of recombinating ions has increased in the same ratio. This is probably due not only to the collisional ionization but to the radiative one too. The increase of the radiative ionization is determined by change of the Lyman luminosity of the ionizing star.
The double-peaked profiles of the hydrogen lines give a reason to suppose that the lines can be emitted mainly by an optically thin accretion disc. Using the Hγ line we estimated the outer radius of the accretion disc as 26 ± 3 ÷ 46 ± 6 R ⊙ for the orbit inclination angle in a range from 47
• . We tryed to obtain one approximate estimate of the inner radius of the disc too, which amounts to about 0.1 ÷ 0.2 R ⊙ and does not contradict to the supposition of Sokoloski & Bildsten [28] for magnetosphere of the white dwarf in Z And.
Our supposition for the presence of an accretion disc and a high velocity stellar wind in the system gives a reason to assume that its visual line emission spectrum can be explained in the framework of the model for the interpretation of the spectral behavior during the major 2000 -2002 brightening [11] . This model provides an explanation of the observed twovelocity regime of the mass outflow when a P Cyg wind with a low-velocity was observed together with the high-velocity optically thin wind. The low-velocity of the P Cyg absorption component was interpreted with slowing down the wind because of its collision with the disc. A P Cyg absorption component was absent in the spectrum during the brighteningsubject of research in this paper. To observe component of such a type the column density of the absorbing gas needs to be high enough and the gas to be projected on the observed photosphere as well. During the small-amplitude brightening the column density in the wind was close to that during the major brightening. Then the possible reason can be that the gas, outflowing after the collision is not projected on the observed photosphere. Assuming that it is emitted in the inner part of the accretion disc we estimated rougly the inner radius which amounts to 0.1 ÷ 0.2 R ⊙ for the same orbit inclination.
The line He ii λ 4686 had a broad emission component whose FWZI was always greater than that of the line Hγ. This component was assumed to be due to high velocity stellar wind from the hot compact component of the system.
We suppose that an optically thin accretion disc, giving rise to double-peaked profile existed in the system during the brightening observed by us (and possibly many other brightenings following the major ones) since there were good conditions for its formation. At the final stage of the major 2000-2002 brightening some part of the ejected mass was in the potential well of the compact object. After the discontinuation of the flow the accretion of this material began again. This part of the ejected mass which had orbital angular momentum great enough, formed the disc.
The Hα line had broad wings extended to not less than 2000 km s −1 from its center. We supposed that they were determined mainly from radiation damping but stellar wind could contribute to their emission at smaller distance from the centre of the line.
Assuming that the broad component of the line He ii λ 4686 is due to a high velocity stellar wind we estimate the upper limit of the mass-loss rate of the companion resulting from this wind as ∼1.8 × 10 −7 (d/1.12 kpc) 3/2 M ⊙ yr −1 .
Based on this interpretation we conclude that the behavior of the spectral lines can be explained in the framework of a model of the system proposed for its major 2000 -2002 brightening where the high velocity stellar wind of the compact object collides with the accretion disc [11] .
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